We find the long-time dynamics of charges in electromagnetic fields, revealing that charge energy loss to radiation leads to counter-intuitive acceleration. Using this phenomenon, we propose a method to observe radiation reaction with weak fields. OCIS codes: 020.2649, 260.2110.
= 0.01, = 532 . In (b) we can see the particle energy decaying at first, as shown in [9] , but eventually rising, as a result of the particle long-time acceleration in the direction of the wave vector. Figures (d) and (e) depict the same change in energy and frequency, but for a particle with initial velocity in the direction of the wave vector.
This result can be generalized to an arbitrary RR force term. We can consider an equation of the general form (in relativistically covariant notation)
where is the Lorentz force term, and ( ,̇,̈… ) is the (small) RR term. This form is general enough to include nearly all well-known RR equations [10] . Using the periodic property of the Lorentz force solutions, we can solve (1) perturbatively, obtaining the correction to the particle's velocity over a period of the wave. This result enables us to develop a numerical method for exploring the dynamics under RR. Using the RR correction Δu accumulated over a period of the field, we track the particle dynamics and present it in a phase space defined on the charge velocity . By analyzing the effect of Lorentz transformations on the phase spaces, we prove the surprising result that Lorentz invariance prohibits steady state RR dynamics, and that the particle's kinetic energy must always diverge.
Such RR energy shifts are found to be large enough to be realized in the lab, using known methods of precision measurement. For example, we take a linearly polarized plane wave with = 800 nm and intensity of 2 × 10 Watt ⋅ cm , with pulse length of 1 ns. Electrons with kinetic energies of 200 keV ( = 0.7), achievable in transmission electron microscopes (TEMs), will lose 2 eV when moving counter to the same pulse. Such energy shifts can be measured using the high precision of Electron Energy Loss Spectroscopy (EELS) (going under 1eV, with the state-of-the-art around 100 meV) [11] . Furthermore, the above ns laser carries 2 mJ per pulse when focused to a spot size of 1 m . These laser parameters are well-within reach of current technology [12] (potentially with a larger spot size and higher pulse energy).
